Abstract: In this study, Fick's second law was used as a major equation to calculate the moisture diffusivity for apricot fruit with some simplification. Drying experiments were carried out at the air temperatures of 40, 50, 60, 70, and 80°C and the drying air velocity of 1, 1.5 and 2 m/s. The experimental drying curves showed only a falling drying rate period. The calculated value of the moisture diffusivity varied from 1.7 × 10 -10 to 1.15 × 10 -9 m 2 /s for apricot fruit, and the value of activation energy ranged from 29.35 to 33.78 kJ/mol at different velocities of air.
Drying is one of the oldest methods of food preservation (Doymaz 2007) . It is probably the main and most expensive step in postharvest operations (Cohen & Yang 1995) . The objective drying is the removal of water to a level at which microbial spoilage and deterioration reactions are greatly minimised (Akpinar & Bicer 2005) . A longer shelflife, product diversity, and a substantial volume reduction are the reasons for the popularity of dried fruits and vegetables. Thin layer drying Eqs are used to estimate the drying time for several products and also to generalise the drying curves. Drying kinetics is greatly affected by the air velocity, air temperature, material thickness, and others (Erenturk & Erenturk 2007) . Physical and thermal properties of agricultural products, such as the heat and mass transfer, moisture diffusion, and activation energy, are required for the ideal dryer design (Aghbashlo et al. 2008) . Some researchers have studied the moisture diffusion and activation energy in the thin layer drying of various agricultural products, such as seedless grapes (Doymaz & Pala 2002) , plums (Goyal et al. 2007) , grapes (Pahlavanzadeh et al. 2001) , candle nuts (Tarigan et al. 2006) , potato slices (Akpinar et al. 2003) , hazelnuts (Ozedmir & Devres 1999) , beriberi fruit (Aghbashlo et al. 2008) , and onion slices (Pathare & Sharma 2006) . Although much information has been given on the effective moisture diffusivity and activation energy for various agricultural products, very little published literature is available on the effective moisture diffusivity and activation energy data for apricots during drying. The knowledge of effective moisture diffusivity and activation energy is necessary for designing and modelling the mass transfer processes such as dehydration or moisture adsorption during storage.
The main objective of this work was to determine the effective moisture diffusivity and activation energy of apricots (cv. Rajabali) during thin layer drying process and their dependence on factors such as the air temperature and air velocity.
MATERIAL AND METHODS

Drying experiments
Fresh apricots (cv. Rajabali) were obtained from an orchard located in Shahroud, Iran (at a distance of 170 km from Semnan Province) in July 2008. The samples were stored in a refrigerator at +4°C. A schematic diagram of the dryer used in the experiments is shown in Figure 1 . The dryer consist of a fan, heaters, air straightener, computer, microcontroller, digital balance, tray, humidity sensor, and thermometer (Yadollahinia 2006) . It was installed in an environment with the relative air humidity of 20-30% and ambient air temperature varying from 32 to 38°C. During the experiments, the ambient temperature, relative humidity, and inlet and outlet temperatures of air in the dryer chamber were recorded. Prior to the drying process, the samples were washed and their cores were separated, after which the dryer reached the steady state condition; then about 200 g of apricots were placed on the tray of the dryer and left to dry. The drying experiments were carried out at the drying air temperatures of 40, 50, 60, 70, and 80°C and the drying air velocity of 1, 1.5, and 2 m/s. The samples were weighed every 5 s during the process using a digital balance with 0.01 g accuracy. The initial and final moisture contents of the apricots were determined at 78°C during 48 h with the oven method (AOAC 1984) . The drying process was terminated when the moisture content decreased to about 15% wet base (w.b) from the initial moisture content value of 84.17% wet base (w.b). In this study, the influence of the mentioned conditions on the effective moisture diffusivity and activation energy in thin-layer drying of apricot fruit (cv. Rajabali) was addressed.
Theoretical principle
The drying rate of apricots was calculated using Eq. (1) (Kavak Akpinar 2002): Crank using Fick's second law proposed Eq. (2) for the effective moisture diffusivity for an infinite slab (Crank 1975) :
where: MR -moisture ratio M -moisture content at any time (kg water/kg dry mater) M 0 -initial moisture content (kg water/kg dry mater) n = 1, 2, 3, . . . the number of terms taken into consideration t -time of drying in seconds
Only the first term of Eq. (2) is used for a long drying time (Lopez et al. 2000) , hence:
The slope (k 0 ) is calculated by plotting ln(MR) versus time according to Eq. (4):
The activation energy was calculated using an Arrhenius type equations (Lopez et al. 2000; Akpinar et al. 2003): Figure1. Schematic of thin-layer drying equipment 
where:
From Eq. (5), the plot of ln D versus 1/T a gives a straight slope of K 1.
Linear regression analyses were used to fit the equation to the experimental data to obtain the coefficient of determination (R 2 ).
RESULTS AND DISCUSSION
Calculation of drying rate
Figure 2 shows total drying time versus temperature at constant air velocity. It is clear that at a low temperature, the difference between total times is significant while at a high temperature, the difference between total times is negligible. In other words, the effect of the air velocity on the drying time at a low temperature is greater than that at a high temperature. The total time at the air velocity of 1 m/s is about 1.3 times longer as compared with experiments performed at 2 m/s at the constant air temperature, whereas it would increase about 2.5-3 times when we compared this total time at 40°C with 80°C at the constant air velocity. In other words, the effect of the air temperature on total drying time is significant, compared with that of the air velocity, in thin-layer drying of apricots.
The variations of the drying rate values with the drying time at different drying air temperatures for air velocities of 1, 1.5 and 2 m/s are presented in Tables 1-3, respectively. All the drying operations are seen to occur in the falling rate period. It is apparent that the drying rate is higher at the beginning of the drying process and decreases continuously with the drying time. These results are in a good agreement with other results reported (Passamai 
Calculation of effective moisture diffusivity
The effective moisture diffusivity was calculated using Eq. (4). The minimum value of the moisture diffusivity was 1.7 × 10 -10 m 2 /s at the air velocity of Table 4 . In Figure 4 , the values of D at different levels of air temperature are plotted versus air velocity. As seen, the minimum value of D was found at the minimum air temperature while at constant temperature values an increase in the air velocity decreased D value because at a low air velocity (1 m/s), the air has a better contact with the sample surface which results in a greater absorption of moisture, consequently the moisture gradient of the sample with ambient increases and that leads to an increase in the moisture diffusivity. But at a high air not clear velocity level (2 m/s), the air passing through the sample is turbulent to some extent, therefore the moisture gradient tends to decrease and the moisture diffusivity accordingly reduces. Based on the independent variables (drying air temperature and drying air velocity) and using a multivariate regression technique, the effective moisture diffusivity was estimated as follows. Table 5 contains the value of ln D versus 1/T a for the air velocities of 1, 1.5, and 2 m/s. The activation energy was calculated using Eq. (6). The values of the activation energy lie from 12.7 to 110 kJ/mol for most food materials (Zogzas 1996) . Bablis et al. (2004) reported this value varying from 30.8 to 48.47 kJ/mol for figs. Aghbashlo et al. (2008) reported that this (Table 6 ). The variation of the activation energy values versus air velocities is plotted in Figure 5 . The relationship between the activation energy and drying air velocity was found by regression analysis. The results indicated that the power equation can predict E a based on the drying air velocity with R 2 of 0.94.
Calculation of activation energy
CONCLUSIONS
In the present study, the drying of apricots was carried out only in the falling rate stage. This implies that the moisture removal from the product was governed by diffusion phenomenon. The highest effective diffusion was found to be 1.15 × 10 -9 m 2 /s at the air temperature and air velocity of 80°C and 1 m/s, respectively. The lowest effective diffusion was 1.7 × 10 -10 m 2 /s at the air temperature and air velocity of 40°C and 2 m/s, respectively. It was deduced that at a low air velocity (1 m/s) the air has a better contact with the sample surface which results in a greater absorption of moisture, consequently the moisture gradient of the sample with ambient increases and that leads to an increase in the moisture diffusivity.
But at a high air velocity level (2 m/s), the air passing through sample is turbulent to some extent, therefore the moisture gradient tends to decrease and the moisture diffusivity accordingly reduces. The activation energy for the apricot fruit in the drying experiments varied from 29.35 to 33.78 kJ/mol. igure5. The influence of air velocity on energy activation value for thin -layer drying of apricot Figure 5 . The influence of air velocity on activation energy value for thin-layer drying of apricot 
